Introduction
Dermatophytes, being of ubiquitous occurrence in human habitat, are the most prevalent fungal pathogens in superficial fungal infections. Dermatophytosis or tinea is the superficial infection of keratinized skin, hair and nails caused by fungal genera Trichophyton, Epidermophyton and Microsporum and affecting global health at an alarming rate [1] . Dermatophyte infections are likely to infect every person at least once in their lifetime. The manifestation of tinea infection in an individual may be dependent upon the virulence of the dermatophyte, location of infection and the response of the host defense mechanisms [2] .Dermatophytes are causative agent of cutaneous mycoses which may be manifested as pruritus (itching), inflammation, glabrous skin, alopecia, hyperhidrosis (excess sweating) and damaged hair and nails.
Transmission of tinea infection can occur by direct contact or from exposure to desquamated cells. The considerably increasing trend seen since last decade in tinea infections is due to various factors such as population movements, use of immunosuppressive therapy for organ transplants, infection with HIV, lifestyle changes, hygiene levels and tropical climatic conditions [3] . Treatment of dermatophyte infections represents a significant cost burden to a nation as it can reach epidemic proportions if timely measures are not taken by health practitioners and physicians. It has been estimated that over US$500 million per year is spent worldwide on drugs to address the problem of dermatophytoses [4] . Azoles have been recommended for superficial fungal infections and cutaneous diseases and have high affinity for keratin and thus lead to drug partitioning into stratum corneum. Miconazole nitrate is an azole class antifungal agent, lipophilic and characterized by relatively high molecular weight and melting point. It is a weak base with pKa 6.7, high log octanol/ water partition coefficient and exhibits poor aqueous solubility (1.03 µg/mL). Miconazole is usually employed as 2% w/w in topical drug preparations for treatment of dermatophytosis, superficial mycoses, mixed infection and candida infections [5] .
Trichophyton rubrum (T. rubrum) is the most frequently isolated anthropophile dermatophyte and accounts for 80%-90% of the A RT I C L E I N F O A B S T R AC T dermatophytes adapted to infect keratinized tissues by virtue of its ability to utilize keratin as a nutrient source [6] . 
Materials and methods
The drug miconazole nitrate was obtained as a gift sample from 
Preparation of vesicles
Miconazole proniosomal preparation was prepared by coacervation-phase separation technique using drug miconazole and excipients including surfactant, Phospholipon® 90 and cholesterol [10] . To prepare drug gel, a specific amount of carbopol 934 (1.5% w/w) was soaked in distilled water overnight. The required amount of drug (1%) was dissolved in this mixture with stirring at 500 r/min, by a magnetic stirrer for 1 h. Carbopol was then neutralized with 0.5% triethanolamine to obtain pH in range 5.5-6.0. Propyl paraben (0.05%, w/v) and methyl paraben (0.1%, w/v) were taken as a preservative in a beaker containing propylene glycol 10%. These were mixed properly by gentle stirring at 100 r/ min and heating at 50 °C . This was then added slowly with stirring to prepared carbopol mixture to obtain a clear viscous gel [11, 12] . The morphology and structure of niosomes formed after hydrating proniosome formulations were observed using a Tecnai G 2 Transmission Electron Microscope (Fei USA) with a 300 kV high tension and a field emission system. A combination of bright field imaging at high resolution and diffraction modes were used to reveal the morphology and size of niosomes. Proniosome dispersions were suitably diluted with purified water. One drop of diluted sample was applied on a carbon-coated copper grid with 300 mesh size and left for one min to allow preparation to adhere to carbon substrate. The excess sample was removed using filter paper.
After twice rinsing the grid with distilled water for 3-5 seconds, a drop of 2% aqueous solution of uranyl acetate was applied for 1 second, excess solution was removed and sample was air dried for 30 seconds before observation under the electron microscope [13] .
In vitro antidermatophyte activity
Minimal inhibitory concentration (MIC) of the preparation was by lack of visual turbidity was determined as MIC [15] .
Further, microbial growth inhibitory properties of test formulations were determined by disc diffusion method. Sterile Sabouraud dextrose agar medium was prepared using culture medium (dextrose 40 g, peptone 10 g, agar 2 g and distilled water 1 L) at temperature 25 °C and pH 5.5. The plates were inoculated with 100 μL standardized culture of test organism T. rubrum (aerobic, incubation time -48 h) and exposed to air drying at room temperature under asceptic conditions for 15 min. The formulations (proniosomal preparation F5A and F5B; plain drug carbopol gel) were initially dissolved in DMSO and prepared at concentrations of 1 000, 750, 500, 250 μg/mL. Then antifungal disks (6 mm in diameter) impregnated with 20 μL test formulation ( prepared in DMSO) at concentrations mentioned were placed on surface of inoculated media plates. The agar plates were incubated at 25 °C for 3 days. Clear zones of inhibition on agar surface around the disc was measured in mm, including the diameter of the disc [16] .
Results
using nonionic surfactants -Span 40, Span 60, and cholesterol and phosphatidyl choline. The morphology was studied using transmission electron microscopy which was observed as spherical vesicles with smooth surface. The vesicles were discrete and separate with no aggregation (Figure 1 ). Macro broth dilution test showed that the minimum concentration which inhibited the growth of test organism was 250 µg/mL.
The study was performed using four different concentrations of miconazole (0.25, 0.50, 0.75 and 1.00 mg/mL) in proniosomal formulations. The concentration higher than 1 000 µg/mL led to overlapping of zone of inhibitions. The microbiological tests revealed that during the study period of 3 days, the formulations F5A, F5B showed gradual increase in zone of inhibition with no overlapping at 250, 500 and 750 µg/mL due to the controlled release of medicament. In F5A, it is observed that at 1 000 µg/mL, there was an initial burst release of drug leading to overlapping of inhibition zone with 750 µg/mL concentration due to free drug which could not be entrapped in vesicles. However, in F5B, at 1 000 µg/mL, drug was better entrapped in vesicles due to surfactant and cholesterol and leading to controlled inhibition. There was an increase in zone of inhibition with increased concentration of miconazole in all tested formulations ( Table 1) .
The drug release was also found to be more potent in vesicular preparation than drug carbopol gel i.e. non-vesicular form of topical preparation at each concentration. The maximum zone of inhibition was observed as constant in plain drug carbopol gel in 24 h itself. The antifungal activity of vesicle gel prepared showed sustained release of medicament by regular intervals when compared to plain carbopol gel (Figure 2 ). However, a significantly higher antifungal activity was observed with F5A, F5B (in vesicular form) in comparison to plain drug carbopol gel (in non-vesicular form) at concentration of 250, 500, 750 and 1 000 µg/mL. [19] . The disc diffusion method is a practical, reliable and reproducible agar-based in vitro 
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assay method which enables the determination of the activity of various antifungal drugs against dermatophytes [20] . In this method, diffusion of drug from disc through a solidified agar layer in a Petri dish occurs to an extent such that growth of added microorganism is prevented entirely in a zone around the disc containing antimicrobial drug. This method of fungal susceptibility assessment yields data consistent with results obtained from dilution method and is also recommended for routine use [21, 22] .
The lowest concentration at which the isolate is completely 
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